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1 Preamble
1.1 Purpose

Purpose of the architecture definition process
The Architecture Definition process interacts iterative with the requirements definition process to
understand the problem and identify the most satisfactory architecture solution.

The results of the Architecture Definition process are widely used across the life cycle processes. As the
process unfolds, insights are gained into the relation between the requirements specified for the system of
interest and the emergent properties and behaviours of the system of interest that arise from the
interactions and relations between the subsystems.

A Architecture definition may be applied at many levels of abstraction, highlighting the relevant detail that
is necessary for the decisions at that level. [SPPR-11500 ]

1.2 Intended Audience
The content is valid for all the System Pillar tasks and domains.

1.3 Document Context

This document describes the Architecture Process as part of the System Pillar processes.

System Pillar process overview

: C)
4){ P06 Requirements Management Process }7

+ P02 O i 1 P03 i Definition ‘ P04 i Definition ‘ +
Needs Analysis Process ‘ Process ‘

Perform PRAMSS activities ]7

P05 Define information model }7

SP Processes

|

System level 3

System level 1 +2

System level 4+ 5

SP System Level

Central Capella model (SP Reference Architecture)

CD

I[ model sync

SP Tools
CD

Polarion

[SPPR-4083 ]

1.4 Glossary

This document primarily outlines the process, while the definitions can be found in | ] Systems
Engineering Management Plan - Annex M2 Viewpoint Guidelines.
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2 Content

P04 - Architecture definition process

The development of the system architecture is a preparation step for the subsystem requirements. This is
done from a technology-independent and solution-free perspective, it ensures design solution flexibility
and adaptability by existing independently of and without imposing design decisions.

The main goal of the architecture is to refine the functions from the system definition into functions
allocated to subsystems. Besides, the system of interest is no longer treated as a black-box: Functions are
grouped into internal systems, forming the structural basis of the system architecture. Interfaces between
internal systems are defined, based on the functional exchanges previously identified. The internal
systems are still treated as a black-box.

This process contains all tasks to develop the system architecture the tasks can be followed to create
content in the logical architecture or physical architecture using architectural models which are based

on ARCADIA and corresponding g SPPR-9823 - Capella2Polarion work items.

* SPPROCESS/10 SEMP V 01_01/SEMP Annex M1 Capella element rules : 722539
« SPPROCESS/10 SEMP V 01_01/SEMP Annex M2 Capella diagram rules : 722539

- System definition of the considered system stored in the System Pillar
reference architecture model

Inputs - System requirements specification which contains all required work items
based on the document template
- Architecture of the considered system stored in the System Pillar reference
Outouts architecture model
P - System architecture description which contains all required work items based
on | Template - System Architecture Description
1D SPPR-2406

Architecture Definition Process Overview
The following diagram shows the processes and tasks for the definition of the architecture. The
execution of the processes can be iterative.

( Pa.1 Define architecture and allocate functionaliies A 4 Pa.2 Refine behaviour N

aaaaaaaaaaaaaaaaaa

‘‘‘‘‘‘‘‘‘‘

‘‘‘‘‘‘‘‘‘

U U

P423 Descrie control

aaaaaaaaaaaaaaaaaaaaaaaaaaa

[SPPR-11501 ]
2.1 P4.1 Define architecture and allocate functionalities

P4.1.0 - Prepare for architecture definition

Description:
This task describes the steps to prepare for the archtecture definition.

Steps:

1. Read the | | Systems Engineering Management Plan - Annex M2 Viewpoint Guidelines to
understand the different viewpoints for the architecture definition.

2. Review and analyse relevant information and related perspectives that will guide the
development of the system architecture. This includes PRAMSS aspects as well.
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Note: This information is intended to help build an understanding of the environment for which the
solution is needed in order to establish better insight into the stakeholder concern.

3. Identify key milestones and decisions in order to define the architecture strategy based on
ARC-D2.5 Architecture Guidelines and || System Concept_CCS - Granularity Concepts and
Principles - Main.

4. Decide if there are necessary enabling systems and/or services required to support the
architecture definition.

5. Analyse and review the system context defined in the system definition on higher architecture
layer.

6. (Optional) Check model content from system definition and performe automatic transfer if possible

a. For each reviewed capability that has been evaluated on the higher level:

i. Perform an automatic transition of relevant capabilities in order to transfer the
involved functions. It is recommended to use the "Functional Transition" of the
selected capability.

ii. Perform an automatic transition of all the actors and interfaces in order to keep the
function allocations.

iii. Create an initial [I] SPPR-6633 - Functions involvement. under the considered
capability in order to prepare the viewpoints needed for the system architecture.
These capability realisations can be refined in later tasks of this process.

iv. Perform an automatic transition of the functions.

- System Definition
- System Requirements Specification
Inputs - Stakeholder Requriments Specification
- Constraints record
- Model elements to be transferred to the next architecture layer

- Functions involvement

Outputs - Actors
- Interfaces
1D SPPR-7049

P4.1.1 - Define architecture

Description:

This task serves as a preliminary exploration of the architecture. Its purpose is to broaden the scope of
potential solutions through brainstorming sessions, aiming to define one or more alternative solutions. A
set of system interfaces between the internal systems of the architecture from the overall system of
interest is also defined. This task should be done in parallel with ¢ SPPR-7050 - Decompose functions.

Methods:

* SPPROCESS/10 SEMP V 01_01/SEMP Annex M ARCADIA Capella Modelling Rules : 722539
« SPPROCESS/10 SEMP V 01_01/SEMP Annex M2 Capella diagram rules : 722539

Steps:

1. Define a first set of system/subsystem candidates, by generating a [T] SPPR-8378 -
Architecture description view based on [£] SPPR-11000 - Construction method system architecture
description. The highest priority requirements and architecture considerations needs to be
addressed. Additional candidates may be defined already by system constraints.

a. Note: This task includes scanning for relevant technologies, problem patterns, solution
patterns, naturally occurring solutions, enhancements to existing systems, heuristics, tactics,
determination of architectural entities, discussion with experts.

2. Rationalise architecture decisions and define addition alternatives if needed
3. Perform a trade-off assessment regarding the architecture alternatives. Take the system
constraints into account which may restrict the allocation of system functions into internal systems.
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4. Define selected system architecture. Record this in an updated version of [I] SPPR-8378 -
Architecture description

5. Allocate the functions to in the [I] SPPR-6628 - Function allocation view by following
SPPR-11003 - Construction method function allocation to develop the system architecture of the
system of interest. If a function can not be allocated to only one system the function needs to be
split based on =6 SPPR-7050 - Decompose functions.

6. Consolidate system constraints that are relevant for the selected alternative. Keep track of the
disregarded constraints that may be not longer applicable.

a. Note: Constraints should only be discarded after the corresponding discussion with involved
stakeholders, in order to avoid rejected validations in later phases.

7. Create the architecture trade-off record to keep track of the reasoning and relevant information
of the decision.

8. Identify system functions which are not allocated to any system component. If there are such
cases, then either delete or merge them with other system functions (if suitable), so that there are
not any non-allocated system functions left.

9. Define internal interfaces in [I] SPPR-6626 - Interface description by following |£] SPPR-10983 -
Construction method interface description in the model. This can be interfaces without available
constraints or constraint interfaces.

Notes:

» The candidate systems names should be as brief as possible to be manoeuvrable and easy to
understand, based on terminology known for stakeholders, or coming from the inputs to the project.

« If there is an information source of internal systems already available (e.g. from collaboration
projects), reuse is recommended.

- System Definition

- System Requirements Specification

- Stakeholder Requirements Specification

- Constraints record

- Defined functions

- Concepts and other information from railway and PRAMS experts

- [I) SPPR-8378 - Architecture description
Outputs - [1) SPPR-6628 - Function allocation
- [T] SPPR-6626 - Interface description

ID SPPR-7097

Inputs

P4.1.2 - Decompose functions

Description:

This task determines the functions (e.g. through split, breakdown, decomposition) in order to satisfy
system requirements and realise system functions. Transited functions may be broken down into smaller,
leaf functions to better align them with a sensible allocation among the system elements. This task should
be done in parallel with <& SPPR-7097 - Define architecture.

Methods:

* SPPROCESS/10 SEMP V 01_01/SEMP Annex M ARCADIA Capella Modelling Rules : 722539
« SPPROCESS/10 SEMP V 01_01/SEMP Annex M2 Capella diagram rules : 722539

Steps:

1. Identify the restrictions that may influence the splitting of the system functions.

2. Create the functions, by redefining the system functions according to the required level of detail
on each [I] SPPR-6633 - Functions involvement.

3. Create the system functional exchanges: Redefine the functional exchanges according to the
defined exchange principle on each [I] SPPR-6633 - Functions involvement.

4. Check that all realisation links from the system functional exchanges to the corresponding
system functional exchanges and from the system functions to the corresponding system
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functions defined in the system analysis are set correctly - if this relationship is missing, then
create it.

a. Review the completeness of in relation to in order to verify that all the functional exchanges
have allocated exchange items.

5. If the functional exchanges do not have allocated exchange items:

a. Refine the data model, in order to create additional data elements.

b. Allocate new exchange item to the functional exchanges in the corresponding
(1] SPPR-6633 - Functions involvement based on |£] SPPR-10055 - Construction method
exchange items.

6. Remove the transferred parent system function from the system architecture viewpoints.

Inouts - Functions

P - System Requirements Specification
Outputs - [I] SPPR-6633 - Functions involvement
1D SPPR-7050

2.2 P4.2 Refine behaviour

P4.2.1 - Refine capability realisations

Description:

This task captures the refinements or adjustments of the system capabilities. For the most part, the
system capabilities/systems capability realisations can stay at the same level of granularity for the system
architecture. The amount of refinement of capability realisations at system architecture level should
be kept to the minimum necessary.

Methods:

* SPPROCESS/10 SEMP V 01_01/SEMP Annex M ARCADIA Capella Modelling Rules : 722539
« SPPROCESS/10 SEMP V 01_01/SEMP Annex M2 Capella diagram rules : 722539

Steps:

1. If the boundaries of the capability realisation need to be redefined due to the split of system
functions into system functions, define a procedure to decompose (or tailor) the capabilities
appropriately and the system functions defined in [I] SPPR-6633 - Functions involvement. Some
system constraints may restrict the splitting of capabilities.

2. Consolidate the system capability realisations in the [I] SPPR-6629 - Capabilities definition in
order to show their relations with the system actors. Some system constraints may restrict the
involvement of actors in the realised capabilities.

3. Review the pre- and postconditions of each capability realisation in order to refine them if
needed

4. Review the traceability with the system capabilities and create relationships if it is missing in order
to ensure consistency.

- System capabilities (transferred)

Inputs - [1) SPPR-6633 - Functions involvement
Outputs - [T) SPPR-6629 - Capabilities definition
ID SPPR-7094

P4.2.2 - Describe behaviour with exchange scenarios

Description:

This task refines the scenarios which were created during system definition. The lifelines are updated with
the creation of the internal systems.
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Methods:

* SPPROCESS/10 SEMP V 01_01/SEMP Annex M ARCADIA Capella Modelling Rules : 722539
* SPPROCESS/10 SEMP V 01_01/SEMP Annex M2 Capella diagram rules : 722539

Steps:
a. Define pre- and postcondition see

SPPROCESS/10 SEMP V 01_01/SEMP Annex M ARCADIA Capella Modelling Rules : 722539 for

more information.
b. Follow [£] SPPR-7249 - Construction method exchange scenario to create [I] SPPR-8176 -
Exchange scenario diagram.

- [1) SPPR-8176 - Exchange scenario (of System Definition)

Inputs - [I] SPPR-6633 - Functions involvement
Outputs - [T) SPPR-8176 - Exchange scenario (of Architecture Description)
ID SPPR-8404

P4.2.3 - (Optional) Describe control loops with functional chains

Description:
This task refines the functional chains of the capability realisations with the decomposed system functions.

Methods:

* SPPROCESS/10 SEMP V 01_01/SEMP Annex M ARCADIA Capella Modelling Rules : 722539
« SPPROCESS/10 SEMP V 01_01/SEMP Annex M2 Capella diagram rules : 722539

Steps:

1. Follow [£] SPPR-11021 - Construction method functional chain to create [1] SPPR-8178 -
Functional chain description diagram.
2. Follow [£] SPPR-11315 - Construction method control loop to create [T] SPPR-11362 - Control loop

diagram.
Notes:

« If it is necessary, functional chains can be assembled and reused in order to express more complex
scenarios.

« If there are already functions that exist in the model, the sequential order of these functions can be
described in a function chain. The functional chain should be located underneath an assumed
corresponding capability realisation.

Inputs - [T) SPPR-6633 - Functions involvement

- [I] SPPR-11362 - Control loop
- [I] SPPR-8178 - Functional chain description

ID SPPR-7095

Outputs

2.3 P4.3 Consolidate architecture description

P4.3 - Consolidate architecture description

Description:

This task consolidates the functional flows to maximise the reuse of system functions and their functional
exchanges in more than one capability realisation and ensure that the system functions instead of the
system functions are used. Furthermore this task ensures that there are no gaps or duplicates between

defined internal systems or interfaces. in addition traceability between elements of the system architecture
and system definition will be established. Finally system architecture description document is created.
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Methods:

* SPPROCESS/10 SEMP V 01_01/SEMP Annex M ARCADIA Capella Modelling Rules : 722539
* SPPROCESS/10 SEMP V 01_01/SEMP Annex M2 Capella diagram rules : 722539

Steps:
Consolidate functionality to maximise the reuse of functions and their functional exchanges.

1. Perform an analysis of duplicated functions in [I] SPPR-9580 - Functional flow consolidation
diagram, regarding their name, allocation and realised links.

2. Merge functions by re-linking/re-allocating the changed functions in the Consolidated functional
flow definition in order to disconnect the duplicated functions from the rest of the model - only if the
commonalities are clear and if they are identical or can be made identical by redesigning them.

3. Delete involvements of the duplicated functions which will be removed in the corresponding
functional chain definition and exchange scenario definition.

4. Replace the duplicated functions with the correct merged functions in the corresponding
functional chains, exchange scenarios, functional flows.

5. Remove duplicates from the database, if they have been fully disconnected from the rest of the
model (no more involvement in capabilities, scenarios, or functional chains and no functional
exchanges).

6. Review that the functions displayed in the Consolidated functional flow definition are all the
functions defined in the database, i.e. all functions are connected to each other and there are no
unused elements are left (e.g. functional exchanges without exchange items).

Consolidate internal systems

1. Review the systems by checking their description defined in the [I) SPPR-8378 - Architecture
description .

2. Consolidate names and rationales in the [I] SPPR-8378 - Architecture description to ensure that
their purpose can be derived from that name and the rationales.

3. Identify duplication's thanks to the name and the rationales, choose one and remove the other.

4. Identify missing systems if there are any, go back to the previous task Define system architecture
to validate if this is really the case.

Consolidate exchange items and data of interfaces to maximise the reuse of exchange items and
create new ones if necessary.

1. Review completeness and consistency of [T] SPPR-8177 - Exchange items description in relation
to functions and functional exchanges using [T] SPPR-6633 - Functions involvement.

2. If the functional exchanges do not have allocated exchange items, refine the data model.

3. Allocate new exchange items to the functional exchanges in the corresponding [T] SPPR-6633 -
Functions involvement .

4. Report traceability (optional) between exchange items and functional exchanges in a traceability
matrix in order to verify that all exchange items are allocated to functional exchanges.

Consolidate traceability

1. Review the relationships between model elements either | SPPR-10247 - How to establish
traceability in between System Analysis and Logical Architecture model elements in Capella OR
SPPR-10091 - How to establish traceability in between Logical Architecture and Physical
Architecture model elements in Capella.

2. Review the correctness of the relationship, if the relationship exists.

3. Create a relationship between the element and a corresponding model element, if the relations
does not exist.

Perform review

1. Transfer content to Polarion using the Capella2Polarion bridge.
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2. Generate architecture description based on [ Template - System Architecture Description

3. Perform quality review with EET.

4. Perform SPPROCESS/SEMP Annex D Processes/Work product review process : 722539.

Notes:

« If no realisation links can be generated automatically for a given model element, establish a new

generic trace relationship between them.

« Further guidance can be found in

- [I] SPPR-6633 - Functions involvement

- [1) SPPR-11362 - Control loop

- [1) SPPR-8178 - Functional chain description
- [T) SPPR-8378 - Architecture description

- [1) SPPR-6628 - Function allocation

- [1]) SPPR-8176 - Exchange scenario

- [1] SPPR-6633 - Functions involvement (updated)

- [1] SPPR-11362 - Control loop (updated)

- [1) SPPR-8178 - Functional chain description (updated)
- [T) SPPR-8378 - Architecture description (updated)

- [T) SPPR-6628 - Function allocation (updated)

- [1) SPPR-8176 - Exchange scenario (updated)

] Template - System Architecture Description

ID SPPR-7101

2.4 P4.4 Provide input for risk and hazard analysis

P4.4 - Provide input for risk and hazard analysis
Description:

This task conducts the risk and hazard analysis for the system architecture. Together with the PRAMSS
team, risks of the system will need to handle will be identified and developed. The analysis includes all

types of hazards and risks (PRAMSS, economic risks, market risks, risks for the stakeholder like migration

risks).

Steps:

1. Transfer content to Polarion using the Capella2Polarion bridge.
2. The tasks of risks and hazards related to PRAMS (Performance, Reliability, Availability,
Maintainability) is generally defined by the SPPRAMS/Phase 3/ERJU PRAMS Plan : 722539 this

needs to be followed.

Inputs - System Architecture
- Hazards
Outputs - Risks

- System requirements
- Application conditions

ID SPPR-2425

2.5 P4.5 Apportion requirements

P4.5 - Apportion requirements

Description:
This task will be defined at a later stage.
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In general, the | ] Systems Engineering Management Plan - Annex 03 Requirements Definition Process
can be performed again after creation of the architecture for each internal system.

- System Requirements Specification

Inputs - System Architecture Descrption
Outouts - System PRAMS Apportionment Report
P - System Security Apportionment Report
ID SPPR-7133
3 Appendix

3.1 Standards and References

There are currently no specific references used by this document.
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